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Ultrasonic micro-knife is a new minimally invasive surgical instrument. It 
was made by using MEMS technology and piezoelectric technology. It is silicon 
multiple horn shape and works in ultrasonic vibration mode to realize the precise 
incision with its sharp tip at one end. We choose the PZT-4 plates whose resonant 
frequency is close to the natural frequency of the Micro-knife and use them to 
excite the micro-knife into vibration. As a micro-driver, its vibration detection is 
important. So we studied the optical detection and electrical detection techniques.  
1、Compared with different driving methods of MEMS, we use piezoelectric 
actuator driving method; And we use PZT-4 as the micro-knife actuator. After 
studying equivalent circuit of PZT-4 and the micro-knife, we analyzed their 
resonant frequency and performance. Finally we measured the material parameters 
of PZT-4 and equivalent circuit parameters. 
2、Based on operating principle of the micro-knife, vibration of the 
micro-knife was observed and measured by using the high-power digital 
microscope and CCD equipment in the precision optical platform. In order to 
better study the performance of the micro-knife, we observed PZT-4、 the 
triangular micro-knife and the exponential micro-knife, including resonant 
frequency, amplitude of vibration, magnification and performance stability. 
3、 We also studied vibration signal acquisition system based on DSP and 
PLL. The circuit and software of the system were designed. The vibration voltage 
signal result was detected, and it can characterize the vibration amplitude of the 
micro-knife. The PLL circuit can lock the vibration voltage frequency. The signal 
acquisition system can collect the charge voltage signal, so we can accurately 
capture the resonante frequency of the micro-knife and study relationship between 
driving signal and amplitude of vibration signal. 
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基于 MEMS 的超声微型手术刀振动检测技术的研究 
第一章 绪论 
1.1  MEMS技术概述  






plenty of room at the bottom”；60年代初期第一个硅微型压力传感器问世，后来人
们又开发出微齿轮、微型电机、微型铰链等微机械器件；80年代初Kurt E. Petersen
发表了一篇对MEMS发展有着重要影响的论文“Silicon as a Mechanical Material”；
到80年代末美国加州大学伯克利分校研制出基于表面牺牲层技术的转子直径为
12μm～60μm的硅微型马达，激起了科学界与普通大众对MEMS的关注；90年代









(1)  MEMS 器件体积小、重量轻、耗能低、惯性小、谐振频率高、响应时
间短； 
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